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A high voltage electrostatic field enhances the rate of normal convective cooling. This cooling 
rate is a function of starting tcmpcraturc and voltagc applied, and a n  inverse function of atmospheric 
pressure or the heat capacity of the surrounding media. It appears that  the cooling rate is also a func- 
tion of  current flow; howcvcr, additional work is nccdcd to separate other  variablcs from the effect of 
current flow. 

The maximium i.n.cre.se ir. ??eat !oss oc'i'r the iicjriiiil'l curiveciive cooiing was approximately 
0.167" C/sec (0.3" F/sec) a t  3 16°C (600" F) and 20 000 V. From the data taken it is assumed tha t  
the added rate of cooling would be increased with hi~$er tcmpcratures and higher voltages. 

It appcars that  a high voltage field disrupts thc molccular layer of air surrounding a hot  
body and increases the rate of convective cooling. 

Future tests are planned to  further charactcrizc this phenonicnon and to dctcrniine 
applications for electrostatic cooling. 
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Techn ica l  Memorandum X-73350 

PARAMETERS AFFECTING ELECTROSTATIC COOLING 

INTRODUCTION 

It has been established that a high voltage electrostatic field tends to increase the 
rate of heat loss from a hot body within the field. Thc present work was done to deter- 
mine the effects of  various parameters such as voltage, probe configuration. probe spacing, 
atmospheric pressure, and surrounding media on elcctrostatic cooling. 

Since thermal control. particularly in reentry bodies, is often a problem, it is 
possible that electrostatic cooling may  be a usctul nlctliod of increasing the rate of heat 
rejection from hot surfaces. Although a high voltage field is required for electrostatic 
cooling, little current flow is required; thus the total powcr consumption is minimal. 

ELECTROSTATIC COOLING TESTS 

To establish the effect of various puramctcrs on electrostatic cooling rate, a test 
program was set u p  so that voltage, probe spacing. probe configuration, almospheric 
pressure, and atmospheric media could be con trolled. 

-411 tests W ~ K  : n a d ~  in  2 V ~ C K ~ X  be!! jlii :O liinii ihc ~ i f c i i s ,  i ~ h  r i i i i G i i  as possibic, 
of outside air currents on the measured cooling rates. The  lest setup is shown sclicniati- 
cally in Figure I .  A high voltage variable powcr supply located outside the bell jar was 
connected t o  a probe that was spaced a sclcclccl distance I'roni l l i c  aluminutn tlicrnial 
plate. The  plate was grocrndcd t o  tlic power supp ly ,  and was provided with tlirce thcrnio- 
couples located a t  the center of  tlic plate and 0 . 3 5  cni ( 2 . 5  in.) above ~rnd below the 
center. An optical pyrometer W;IS irlso used as ;I clicck on tlic tlicrniocouplc readings. 
Plate heating was provided by a high intensity Iicat lamp positioned bcliind the plate. 

Effect of Voltage 

The first tcst was made t o  determine tlic cl'fcct of various applied voltagcs on the 
cooling rate of a 210-gram aliiininutn plate hc;rtcd t o  approximately 3 16'(' (000°F). A 
point probe spaced approximately 3.97 cni ( I .SO in.) I'roni [ l i e  p la te  was tiscd. The test 
was made in 1.05 kg/cm2 (15 psi) air with the probe voltage applied as soon as the power 
t o  the heat lamp was shut off. 7'11~ rcsiilts 01' lliis tcst arc shown i n  Figure 2. These 
data indicate that cooling rJte is a dircct l'unctioti ot  applied voltage. 



Effect of Atmospheric Pressure and Media 

Since atmospheric pressure may affect the cooling rate. several tests were made 
to determine the role played by pressure in electrostatic cooling. Figure 3 shows the 
results of tests in reduced atmospheric pressure using the same test configuration pre- 
viously described and with 15 kV applied to the probe. As expected the rate of cooling 
is also a direct function of atmospheric pressure. It was also expected that the heat 
capacity of the surrounding media would affect the cooling rate; therefore, the cooling 
rates were compared in helium, which has a relatively high heat capacity, and in air. 
Results of these tests are shown in Figure 4. When using 20 kV on the probe it was 
noted that the original cooling rate in helium was very rapid, but  by the end of 600 sec 
the cooling rate in air was approximately the same. This effect may be explained by a 
faster temperature rise in the chamber for the helium test since the chamber is a closed 
system. This assumption is borne out  by plotting the delta temperature variation from 
0 kV in air for both helium and air a t  20 kV as shown in Figure 5. This plot shows a 
fairly steady logarithmic curve for air. while the cooling rate in helium tends to  slow 
dramatically as the chamber temperature increases. 

Effect of Probe Spacing 

The effect of probe spacing was measured by moving the probe back to  a distance 
of 7.94 cm (3.125 in.) from the thermal plate. Results of this test are shown in Figure 6 .  
This test indicated that the spacing of the probe had little effect on the cool-down rate. 

Effect of Probe Configuration and Current Flow 

The final variable to  be examined in this test series was probe configuration. A 
three-point probe and a flat-plate probe were compared with a single-point probe. Results 
of these tests are shown in Figure 7. The flat-plate probe proved to  be the least effec- 
tive, and the three-point probe was the most effective. It was also interesting to  note 
that the three-point probe drew approximately twice as much current as the one-point 
probe; therefore results from several tests were plotted versus current draw. These 
results are shown in Figure 8. These tests appear to  indicate that  the electrostatic cooling 
rate is also a function of current flow. 

Analysis 

Using the experimentally developed curves, a series of equations was developed 
relating electrostatic cooling to time at  two voltages and at  two probe distances in 1.05 
kglcm' ( 1 5  psi) air. These equations are shown below with t = time in seconds and 
T = temperature in O F :  

0 kV 
T = 609 - 1.47 t + 2.14 X t2  - 1.27 X t3  
- 
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10 kV, 3.97-cm (1.56-in.) Spacing 

T = 599 - 1.66 t + 2.73 X 1 O - j  t 2  - 1.79 X t 3  ( 2 )  

20 kV, 3.97-cm (1.56-in.) Spacing 

T = 598 - 1.83 t + 3.13 X t 2  - 2.07 X t 3  

10 kV, 7.94-cm (3.125-in.) Spacing 

T = 599 - 1.63 t + 7.58 X t 2  - 2.16 X t3  

20 kV, 7.5)4-cnl (3.1 25-i l l . )  Spacing 

T = 606 - 1.92 t + 3.20 x 10-3 t 2  - 2.10 x 10-6 t.3 

To make a direct comparison of the effect of the voltage and spacing variables, 
equation (1)  was subtracted from equations (2) .  (3), (4), and (5) to give the following 
equations: 

20 kV, 7.94-cm (3.125-in.) Spacing 

AT = 0.45 t + 0.99 X t2  - 0.80 X tJ  

20 kV. 3.97-cm 1.56-in.) SDacinr! 

AT = -0.36 t + 0.99 X t 2  - 0.80 X t 3  

10 kV, 7.94-crn (3.125-in.) Spacing 

AT = -0.16 t + 0.44 X tZ - 0.34 X t3  

10 kV. 3.97-cin (1.56-in.) S ~ a c i n ~  

AT - 0.19 t + 0.60 X t 2  - 0.52 X IO-” t 3  (9) 

Since t a t  each time is the same for each equation and the powers of 
10 are equivalent, the coefficients for each powcr arc the controlling tactors: therefore. 
the coefficients of each factor were atltlcd togcther to  provide 3 variabilit:: T’ factor 
by which each set of variables can be coniprrrcd: 

20 kV, 7.94-cm (3.125-in.) Spacing: T’ = -0.19 

20 kV, 3.97-cm (1.56-in.) Spacing: 7” = -0.17 
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10 kV, 7.94-cm (3.125-in.) Spacing: T" = -0.06 

10 kV. 3.97-cm ( 1.56-in., Spacing: T'  = -0.1 1 

If the equations for various voltages at 3.97-cm (1.56-in.) and 7.94-cni ( 3 . 1 3 - i n . )  spacing 
are differentiated and dT/dt  is plotted against voltage, we have the plots shown in 
Figure 9. These data indicate that at 300 sec or  a t  approximately 37.77"C ~100°F)  t o  
93.32"C (200°F) above room temperature. electrostatic cooling is not effective. This 
fact is further illustrated by Figure 10. where dT/dt  is plotted against time for 20 kV 
and 3.97-cm (1.56-in.) and 7.94-cm (3.175411.) probe spacing. Attempts were made t o  
electrostatically cool below room temperature and t o  electrostatically cool in hard 
vacuum. Neither of these attempts was successt'ul: therefore, it must bc concluded that 
the electrostatic field enhances the ability of the surrounding media t o  remove heat from 
the surface. A further examination of Figure 9 indicates that a 20-kV electric field 
increases the rate of heat loss approximately 0.167"C/sec (0.3" F/sec) during the first 
20 sec from 316°C (600°F) as compared with no voltage. This added cooling is then 
reduced to zero as the hot body approaches the temperature of the surrounding media. 

CONCLUSIONS 

The evaluation of various parameters associated with cooling by a high voltage 
electrostatic field demonstrates the following: 

1. The cooling rate of a h o t  body is increased over normal convective cooling 
by the presence of a hi:$ voltage electrostatic field. 

2. The increase in cooling rate is LI t'linction of the dclta temperature between 
the hot body and the surrounding media, is a t'unction of the voltage between the probe 
and the hot body, and is an inverse tunction o f  thc heat capacity of the surrounding 
media. 

3. It also appears that current tlow may be a contributing fdctor to the rate 
of heat loss. 

4. From these tests it appears that electrostatic cooling operates by the disrup- 
tion of the gas molecular layer surrounding the hot body and is not effective in a 
vacuum or when the temperature 01' the hot body approaches that of the surrounding 
media. 

FUTURE PLANS 

Additional tcsts are planned to l'urthcr cli;lr:ictcrizc the parameters atfecting elec- 
trostatic cooling and to dctcrminc practical means of applying this plicnomcnon to the 
solution of thermal control probleins cncountcrcd i n  the sprice program 

4 



RECORDER 

THERMOCOUPLES 

\ 

RECORDER 

2 

1 
HlGH 

VOLTAGE 

SUPPLY 

/ 

I 

1 

Figirrc I .  Tcst configuration. 

/ LAMP 

7 
VACUUM 
SYSTEM / 

5 



6 



7 





0 4 
u 
N 

m 
Y 

.$ Y 

v) 

4 
a, > 
2 

9 



- 8  r- 

- 8  
- 5  
- 8  
- 8  

- E  

-8 c 

- 8  
- 8  
- e  
- 8  
- 8  

- 3  

- 8  

- 8  

9 

2) 

rJ L 
Y 

M 
E 

0 
.- I 

E 
c 
0 
M 
E 
u 
m 
.e 

2 

(r 

3 



1 1  



12  



3.97 cm (1.56 in.) PROBE SPACING 

<> muc 
A A 
V V 

600 n c  
0 n 

Y 0 

dT 
dt 
- 

0 

-2 

dT - -1 
d t  

10 15 

VOLTAGE, kV 

Figure 9. Change in temperature with respect t o  time versus 
voltage at  20, 50, 100, 300. and 600 sec. 
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Figure 10. Change in temperature with respect to  time versus 
time a t  0 and 20 kV. 
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